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ABSTRACT 


The  work  of  this  year  consisted  to  study  the  anomalous 

effects  observed  in  crossed  field  guns;  the  more  a  tricking  effect  is 

4 

the  exoees  noise  which  may  reach  10  tine  the  thermal  noise  of  the 
cathode  and  which  oauses  the  sole  current  in  optical  systems.  The 
conditions  in  which  such  a  noise  appear  are  now  well  known;  the  speo- 
trum  and  the  correlation  in  the  magnetic  field  direction  have  been 
determined. 


The  theory  of  the  exoees  noise  has  not  yet  teen  given;  the 
experiments  done  show  that  the  noise  In  the  gun  proceeds  from  an  ins¬ 
tability  of  the  epaoe  charge  which  may  be  modulated  by  the  olassioal 
noise)  aooording  to  this  idee,  the  first  step  is  to  find  an  unstable 
flow.  Up  to  now  only  a  flow  negleoting  the  epaoe  charge  or  a  flow 
with  oonetant  current  density  has  been  studied.  In  this  report  a  flow 
in  which  the  cathode  current  is  a  linear  function  of  the  distance  on 
the  outbade  has  been  theoretically  studied;  the  d.o  results,  obtained 
with  a  digital  computer,  are  given  in  tills  report;  some  critioal  magnetic 
fields  for  vhloh  the  electron  velocities  vanish  after  a  particular 
angle  constitute  an  unexpected  phenomenon.  On  the  other  hand  the  computed 
trajectories  permit  to  design  a  highly  convergent  gun  which  could 
present  soon  advantages  oompared  to  the  olassioal  gun  assuming  s  constant 
current  density* 
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The  sensitivity  of  the  gun  to  an  external  signal  has  been 
shown  to  be  very  high  when  the  exoess  noise  is  present;  the  noise  cha¬ 
racteristics  of  a  coaxial  optical  system  have  been  studied* 

Zt  is  possible  to  design  a  gun  without  excess  noise*  by 
the  tiro  following  means  t 

1*  A  narrow  cathode  gun  for  high  impedance  beans. 

2*  A  gridded  gun  for  low  impedance  beams  (medium  power)* 

Su&guns  will  be  used  in  the  T.P.O.M.  which  will  be  designed 
during  the  second  year  program  to  study  the  parasitio  effects  in  crossed 
field  devices  and  to  realise  low  noise  tubes. 

We  shall  give  at  first  in  this  final  report  sane  charac¬ 
teristic  results  described  in  the  previous  reports 


DETAILED  REPORT 


BRILLOUIN  PLOW  IS  CROSSED  FIELD  SPACE. 


The  simplest  way  to  present  the  properties  of  such  a  flow 
is  to  plot  the  electric  field  versus  the  distance. 


If  the  sole  bias  is  neglected  we  have  the  following  sketch 


since  the  slope  of  the  field  in  the  team  is 


- 


-vj&4 


after  the 


Poisson's  law  and  =  <n0,  being  the  plasma  angular  frequency  and 

v.  'tee  cyclotron  angular  frequency, 
o 


Hhen  the  current  injected  increases  the  left  hand  side  of 
the  bean  reach*  the  sols)  this  correspond*  to  a  first  moAmm  current 
given  by 


-[>/«.  -((tZ-'f] 
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with 

2  - 

Wi**,  t 

•**  V4AO.V 


4  betas  the  width  of  the  structure. 


5he  current  oan  increase  again  if  the  left  hand  side  of  the 
bean  leaves  the  sole  up  to 


The  comparison  is  done  with  the  theory  in  the  figure  1. 

When  the  magnetic  field  is  increased  the  plate  voltage  may  be  raised 
with  a  negligeahle  interception  and  the  oathode  current  follows  the  law 


ert.  J  ~  3 


But  the  transmission  collector  over  oathode  current  decreases  because 
the  beam  sproada(due  to  the  noiee. ) 

°p  the  woias. 

the  sole 

a)  The  sole  current,  when  /  is  nsgntivsly  biased  with  respect 

to  the  oathode  is  oonneoted  to  the  noise  in  the  beau  and  has  been  used 

at  first  to  measure  the  noise)  however  it  may  be  notloed  that*  for  an 

it 

infinitely  long  drift  spaoe  is  approximately  given,  from  energetic 
considerations  by 
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Therefor*  the  aole  current  is  a  measurement  of  the  noise 
.Only  for  short  sole  length, or  with  a  segmented  sole  which  indicates  at 
what  distance  from  the  gun  the  beam  reach  the  sole* 

b)  Use  of  a  oavltr  or  a  delay  line* 

The  microwave  noise  may  be  collected  by  a  forward  wave 
structure  (undriven  TPOM)  or  by  a  baohward  wave  circuit  (K  Carcinotron 
below  the  starting  current) j  in  the  second  case  the  noise  appears  like 
a  narrow  band  noise  (Af/'P  =  5  to  10  %)  the  central  frequency  of  which 
being  the  oscillation  frequency  of  the  carcinotron*  However  the  position 
of  the  beam  is  not  known  with  a  sufficient  accuracy  nor  the  eoupling 
between  the  beam  and  the  circuit!  a  cavity  would  present  the  anm 
difficulty* 

o)  Measurement  of  the  low  frequency  noise* 

Non  linear  effects  in  the  beam  involves  a  low  frequency 
noise  which  is  strlckly  connected  to  the  microwave  noise,  and  the 
noisiness  of  the  beam  has  therefoxe^studied  by  measuring  the  noise  of 
the  oolleotor  current. 

Two  different  methods  have  been  utilised  t 

1*  The  oolleotor  being  grounded  througi  a  50  £  resistance  the 

noise  voltage  across  it  is  measured  between  30  fife  and  230  MHs  with  a 
tunable  eomercial  available  ampliflier  having  a  bandwidth  of  4  KHz. 
(Brual  and  KJoer  Nfi  2002  and  2004)*  For  the  nolaenesa  of  the  beam  we 
shall  use  the  noise  modulation  N  which  is  the  ratio  of  the  r*m.s* 
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noise  current  in  a  4  Ko  bond  to  the  d.o.  current.  The  total  soiae 
modulation  integrated  over  the  total  band  can  reach  unity  e.g.  the 
collector  ourrent  is  completely  modulated  by  noise.  Moat  of  the  mea¬ 
surements  have  been  done  vith  this  method. 

2.  The  second  method  utilised  a  low  frequency  passive  tunable 

resonance  circuit  in  the  collector  and  the  noise  is  measured  on  an 
oscillograph.  This  method  avoids  non  linear  effeots  in  the  amplifier 
and  is  therefore  more  accurate  but  less  sensitive. 

NOISE  VERSUS  THE  TEMPERATURE  OF  THE  CATHODE. 

It  is  well  known  that  the  temperature  of  the  cathode  has 
a  strong  effect  on  the  noise;  this  is  shown  again  in  the  Fig. 2  with  an 
impregnated  cathode,  the  collector  current  being  kept  constant.  The 
exoass  noise  vanishes  under  1000°j  which  corresponds  to  the  temperature 
limitation  of  the  cathode  when  no  magnetic  field  is  applied. 

TOE  NOISE  NEAR  THE  GUN  HAS  BEEN  PHOTOGRAPHIED  VITH  A  WIDE  BAND  AND 

2g^_g^®_osciLL^cora. 

The  oscillograms  are  reproduced  approximately  in  the  Fig. 3 
which  shows  that  the  noise  appears  like  an  oscillation  modulated  by 
noise,  when  R/Bq  is  rather  small  which  means  when  the  cathode  is  not 
back  bombarded.  For  high  magnetic  fields  the  fundamental  frequency 
disappears. 
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Such  a  high  frequency  oscillation  (f  160  MBs  with 
B  —  30  Gauss)  seems  to  be  modulated  by  an  other  frequency  (P  a  40  MHz) 
which  may  be  due  to  a  feedback  from  the  collector  region* 


NOISE  AFTER  A  LCMG 


i  ssm 


After  a  long  drift  spaoe  the  noise  is  acre  similar  to  « 
white  noise;  the  theory  of  the  dlocotrcn  effect  shows  that  the  gain  is 


_  wifi)' 

~  v  Z  \?>cl 


It  is  proportiaonal  to  •;  however,  experiments  done  on  the  break  up  of 
hollow  beams  by  B.  SPSZTSIR^  and  others, show  the  large  signal  behavior 
of  the  beam;  it  forms  a  sst  of  spokes  whiah  rotates  one  around  the  other; 
the  spokes  are  of  increasing  sise  the  limit  being  due  to  the  image 
effect  in  the  aole  and  the  line*  This  large  signal  ef foots  involve 
low  frequency  components;  the  spokes  being  distributed  at  random,  let 
us  consider  each  of  then  as  s  ponotual  oharge  a  the  m  current  will  be 

\fl?  ,  2  ^  I  Af 


(l)  B»  SP3ZTSIH  i  Th&se  1  l'Universite  de  Paris. 
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With  such  an  asumption  the  spectrum  will  be  flat  from  0  up  to  a  frequency 
corresponding  to  the  mean  distance  of  the  spokes.  The  measurements  of 
the  noise  spectrum  indicate  that  the  size  should  be  of  the  order  of 
magnitude  of  the  line  sole  distance  D.  This  characteristic  frequency  lies 
between  v/ 2D  and  v/b  as  shown  in  the  Fig*4* 

SCALING  LAWS. 

From  the  previous  paragraph  it  may  be  expected  that  the 

total  noise  modulation  NT  ~\IL*  /  L  is  constant  and  the  bandwidth 

increases  according  to  B  when  a  scaling  in  voltage  is  done  with  B  ^  v  ; 

consequently  the  measured  noise  modulation  in  a  fixed  bandwidth  (4  KHz) 

-l/4 

should  decreases  according  to  N  ^  7  *  The  experimental  curve  5show*>  Uwl 

the  mean  value  decrease  slowly  with  V  but  the  range  of  V  is  not  euffi- 

-l/4 

dent  to  establlaha  that  it  decreases  according  to  V  *  Some  ripples 
are  observed  which  could  be  due  to  a  feedback  from  the  collector*  At 
the  lowest  voltages,  the  sole  current  increases  rapidly,  but  N  decreases; 
we  may  suppose  that  the  electrons  which  have  gained  or  lost  energy  are 

absorbed  so  that  the  other  electrons  an*  less  noisy* 

STUDY  OF  THE  CORRELATION. 


We  intended  to  know  if  the  noise  is  correlated  in  the 
direction  of  the  magnetic  field*  We  may  expect  that  the  correlation 
is  unity  for  distanoes  smaller  than  the  height  of  a  cycloid  and  zero 
for  much  larger  distance*.  The  experiments  done  with  collectors  near  the 
gun  are  not  in  disagreement  with  this  hypothesis;  after  a  long  drift 
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space,  the  correlation  increases  as  it  may  be  expected  from  the  theory 
of  the  diocotron  gain* 

The  correlation  is  measured  at  low  frequencies;  its  value 
does  not  depend  on  the  particular  frequency  chosen*  A  special  apparatus 
has  been  built  for  this  purpose* 

An  example  of  the  results  is  shown  in  the  figure  6,  for 

from  the  gun  (b)  the  correlation  is  unity  for  small  B  (the  correlation 

may  be  due  to  the  transverse  diocotron  gain)  but  it  tends  to  vanish 

at  the  highest  B/B  (small  height  of  the  cycloid).  Near  the  gun,  the 
c 

distance  between  the  collectors  is  rather  large  so  that  the  correlation 
is  always  zero. 

Sods  tests  have  been  done  at  first  with  probes  on  the 
cathode;  the  testa  have  not  been  suooessfull  for, on  one  hand, at  the 
high  frequencies  cold  parasitic  couplings  exist  between  the  probes  and, 
on  the  other  hand  the  low  frequency  components  have  a  too  small  amplitude 
in  the  gun* 

SPECTRUM  WITH  AN  r.f .  SHORT  CIRCUIT  BETWEEN  THE  CATHODE  AND  THE  SOLE. 

The  spectrum  generally  observed  is  shown  in  the  figure  7 
(curve  without  capacities);  it  presents  periodic  peaks  (tbs  separation 
into  two  peaks  of  the  three  first  peaks  has  no  meaning;  it  is  due  to 
the  image  frequency)  • 
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Whan  an  r.f .  abort  circuit  is  put  batmen  the  plate  and 
the  cathode  (the  decoupling  is  indicated  in  the  upper  curve).  This 
support  the  hypothesis  that  the  periodicity  is  due  to  the  collector  r.f. 
current  flowing  back  to  the  plate  and  inducing  a  voltage  which  modulates 
in  phase  or  in  opposite  phase  the  beam  according  to  the  frequency.  This 
is  observed  for  moderate  magnetic  fields;  for  high  B/Bc,  the  phase  of 
the  noise  along  the  cathode  is  probably  to  much  erratic  so  that  the  plate 
r.f.  voltage  (obviously  in  phase  in  all  the  gun  since  the  sizes  are  small 
compared  to  the  free  wavelength)  dose  not  involve  a  clear  periodicity. 


TRAJECTORIES  AMD  NOISE  WITH  A  SCREEN  GRID. 


The  figure  8  shows  a  gridded  gun;  the  grid  is  constituted 
of  thin  tantalum  tapes  through  which  the  beam  flows.  The  cycloidal 
movement  may  be  suppressed  with  a  suitable  voltage*  even  with  a  magnetron 
type  gun. 


The  figure  9  shows  a  gun  gridded  with  a  thin  nickel  grid; 
the  technological  results  are  not  good. 

The  figure  10  shows  the  optioal  system  used  with  a  tantalum 
grid,  and  with  soma  cathode  probes. 


The  figure  11  shows  the  noise  modulation  and  the  current 
with  such  a  grid.  In  oontraat  with  the  classical  gun*  the  excess  noise 
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appears  only  when  B/B^  =  l,6j  one  remarks  that  the  sole  current  appears 
juet  at  the  same  time,  the  collector  ourrent  decreases  for  more  current 
is  absorbed  by  the  gild  and  the  cclleotor  current  Increases  for  higher 
magnetic  fields  when  the  beaa  flows  between  the  cathode  and  the  grid. 

The  figure  12  gives  a  summary  of  the  results  with  gridded 

guns. 

TEST  WITH  A  COAXIAL  TOPS  STRUCTURE. 

The  photograph  of  the  experimental  system  is  shown  in  the 

figure  13. 

in  experiment  (figure  14)  shows  the  noise  modulation 
which  appears  like  the  sole  current  only  when  b/Bq  >  1,4.  A  100  % 
transmission  is  obtained  from  W%0  ~  1*1  to  1.4. 

A  set  of  anodes  permits  to  measure  the  noise  variation 
from  the  gun)  with  a  small  initial  noise  the  diocotron  effect  is  clearly 
seetfj  but  the  gun  may  be  saturated  by  the  noise;  the  limit  value  of  the 
noise  N  is  in  any  cases  around  0,5 .lO*’"*. 

SENSITIVITY  OF  THE  GUN  TO  AN  r.f .  EXTERNAL  SIGNAL. 

Ve  found  that  tl*  beam  modulation  is  30  dB  higher  when 
ths  excess  noise  is  present,  the  frequency  of  the  signal 
being  around  30  to  50  MHs;  this  external  signal  was  applied  by  a  wire 
on  the  oathode  parallel  to  the  magnetic  field.  The  beam  modulation  was 
observed  on  the  collector. 
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CYCLOTRON  RESONANCES. 

Cyclotron  resonances  are  observed  when  the  beam  flows 
outside  the  optical  system  in  lov  d.c.  field  regions;  the  residual  gas 
may  in  this  case  play  a  role* 

DESIGN  OF  A  GRIPPED  GON. 

The  power  dissipated  on  the  grid  was  in  the  previous  expe¬ 
riments  1  $  of  the  total  beam  power;  in  order  to  decrease  it, the  grid 
must  be  nearer  to  the  cathode  which  corresponds  to  a  smaller  grid- 
cathode  potential.  However  a  constant  d.c.  field  is  measured  on  the 
cathode  only  if  the  wire  spacing  is  smaller  than  the  grid  to  cathode 
distanos. 

So,  we  have  built  a  grid  using  a  pitch  of  70  p.  and  a  wire 
diameter  of  10  p.  It  was  at  first  at  0,9  he  of  an  impregnated  cathode 
(22  x  3  mm)  Plate-cathode  spacing  =  3. 9  am* 

The  secondary  emission  and  tbs  direct  emission  of  the  grid 
involves  a  grid  current  which  decreases  with  increasing  cathode  currents- 


V 
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The  figure  shoes  the  maximum  grid  voltage  which  may  be 
applied  without  sole  current}  for  lower  voltages  a  small  grid  current 
My  appears  also,  sc  that  the  voltage  indicated  is  the  beat  one; 
by  no  sole  current  we  mean  less  that  1  $  of  the  cathode  current* 


Vs  see  that  a  noiseless  beam  power  of  525V  x  110  mA  nay  be 
applied  with  a  good  transmission  (the  line  and  collector  current  axe 
measured  together  bat  we  may  suppose  that  the  line  current  is  negligeahle 
sinos  the  sols  current  is  ssro)* 


The  figure  17  shows  the  results  with  130  gauss*  The  too 
soalea  are  modified  to  take  into  account  the  scaling  laws.  The  corres¬ 
ponding  voltages  ere  much  higher  so  that  an  important  part  of  the  beam 
reaohs  the  accelerating  plate* 
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TBAJEOTORIKS  IN  A  CROSSED  FIELD  GUN  WITH  A 

CURRENT  DENSITY  PROPORTIONNAL  TO  THE  RADIOS 


The  calculations  of  the  noise  which  assumes  the  uniformity 
in  the  direction  of  the  oathode  surface  have  not  led  up  to  now  to  iaeta 
or  to  high  diocotron  gains.  This  is  the  reason  for  the  study  of  a  bean 
in  which  the  current  varies  linearly  with  the  distance  because  this  is 
more  similar  to  the  real  situation  of  the  M  type  gun  when  the  ezoess 
noise  appear}  such  a  slipping  stream  may  involve  high  diocotron  gain 
mainly  near  the  pole. 


In  the  ease  of  a  uniform  current  density  the  trajectories 
are  given  (the  initial  velocities  being  neglected)  by  t 
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Let  us  consider  the  case  where  the  current  varies  according 

to  r  ;  it  may  be  easily  shown  that  all  the  trajectories  are  homo  the- 

tical  with  respect  to  the  pole,  that  the  space  charge  density  P  is 

independant  on 

r  and  that  the  potential  varies  according  to  r^ae 

long  as  there  is 

no  multiple  stream  (this  occurs  when  vanishes). 

B  is  perpendicular  to  the  paper  and  uniform;  the  potential 

vector  A  is  supposed  to  have  only  a 

'  £  component  equal  to 

• 

■v.%.  6  2. 

—  ^ 

which  satisfies  B  =  grad  A 

In  this  kind  of  problem  it  is  known ^  that  the  flow  is 

irrotational, 

rot  (rn  tr  -  eA)  s  O  ,  so  that  yyut  -  e  A.  is  the 

gradient  of  a  function  W. 

\r=  ^  A 

or 

v  w 

v  r  a.  ■  — 

*  r  O'© 

With  L 

2, 

(Larmor  angular  frequency) 

Let  us  put 

V° 

V  =  COP  l^$J 

(l)  GA30R,  P.I.R.E.  Vol  33  (l 945)  p.  792 


W.R.  929 


16. 


for  the  aeymptotio  developpement  near  the  cathode  it  will  be  easier  to 
put  instead  of  &j  J  the  velocity  is  now  given  by  i 

W  r  u>rl  l{(0)-e>) 

Vr  ({(»)-  ») 

Va  =  u>  r  fl»> 


The  initial  condition  at  the  cathode  (zero  velocity)  involves 

The  problem  is  now  to  find  f-  f©  ] 


The  potential  is  then  given  by 


y  ,  u*r  [4  fl-  rf  e  4-*@Vf  *J 

u)1  [ip-sfentf+f'J 

r  -  OiiJ/  pip"1] 

+  W  -H  f  f  / 

]  f  aif-hp-sf^r+rrJ 
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The  components  of  the  current  density  jr  and  j0  are  > 


v. 

u 


t’  - 


--2-pV,  = 

LA  » 


f  j,  --  *> 


^w.htFe.gfr+hfttf"1 
+iff-jp©+ic.  fel-ge'-cf*6- 

ut  +  e  +  4£-4  e  -?&3 


Let  ua  write  the  law  t 


The  two  terms  are  I 
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18. 


iO  J_  5. 

to  r  s>e 


u’  ric  l n £"b- i t££"9Mffi 
t  /f'6*+i4f4+i?fY"t  kt,lr 

+  /( h  p'e.UTe.M* 

Y"ftf  vrr 


lfc^"*8fY'  +  uf'’f +*  fff" 

+  4ffal+ 4  ffy'+f'+fy* 
..tcff -10  ff'V*  f-iCfl6> 

+  It  P'fr  1-?  p  &' 
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19. 


This  led  to  the  differential  equation  in 

+  +  n  f  -ioff'  +  Iff" 

+t>i  u  fi-  hot1,  h  tffs  r'-tft'i-  *f  f.u]} 

+  e*[36£t  +  np]-'!>J/6* 


Let  us  develop  in  sery  for  small  &  ,  taking  into  account  the 

initial  conditions 

M°)-° 


One  obtains  i 


V.R.  929 


20. 


One  aeee  that  the  derivation  of  high  older  reach  for  0  -*  o 
values  very  such  higher  than  the  first  derivation  and  than  the  funoticn 
itself;  sinoe  the  digital  computer  begin  by  6  =  0  ,  some  terms  will  be 
at  first  important  and  others  which  will  be  completely  negligeable* 

The  differential  equation  is  written  so  that  the  important 
terms  (for  O  )  are  before  the  less  important  one. 

Then  we  have  t 


Power  of  the  first 


term  in 

\  lrt 

0-' 

1 

e~'k 

e w* 

©"■' 

ij,  fe* 

e*r/' 

i  t 

+  16  $0* 
-ar 
+  S2.f* 


e 

9 


f-5/3 


e> + 


"/: 5 
li/3 


e 


+  'S/l 
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Sinoe  the  second  third  and  fourth  derivative  of  £(&)  become  infinite 
vfaan  &  approaches  0  ,  ve  have  to  begin  the  calculation,  not 
at  0  =  0  but  for  a  small  value  of  6  t  so, we  need  the  first  terms 
of  the  developpement  of  ^(^)  • 

Tbs  multiplication  of  the  various  derivative  gives  I 

+  (5'f40^if5-,5C0M»)s  s 

s  +  (le  *  00  if"  -  * ' f?  +  0  ■  if, jft  ft)  ®ql~ 

t/) 

+(ly‘«°{a‘+l<oo°  1  ^  V) 

s+(llW|f?  +  UTIloo  jfj iteeeff^ 

+('‘*"j*r»+m‘ej>rf)0r  *  s 

+  (113  «  f,1  +  If  *30  f,  JVlt  JO.MO^,  f,)6 
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22. 


-  I 

The  first  comparison  of  the  coefficients  of  the  terns  in  “  gives 
I  OOO  -  2/  000  +  looo  ^  =z  O 


is  not  determined  by  the  differential  equation  but  only  by  the  initial 

_  \U 

oonditions.  For  the  second  comparison  (  0  )  ve  need 

4  f "  ’ '  n?  [3 1  k  0  lff  ^ +  3  0 ' n  h  e *  + 1  ^ f,  ] 


which  gives 

H  oo  j[5l  -  Uoo  £  +  tt«o£ f,  +  5**0^  *  o 

y  %l)<0  J_  8 1  J_ 

t7"  t-ooo  ’  r*/‘ 175  ’  f<- 

The  third  comparison  (terms  in  0  1 )  implies  the  knowledge  of  the 
products  t 

-10ff,=ts(-1?Mo|J jvr» 

-  7- 5100  jv  ®v-  Ao^a-°r«-rv 

-  «f'P -  *,£[«■  6V-  *040 jfirfr  e  V-J 

Then, 


^00^^-190^  r>  +  iy‘,o.r4f1+  i8oooirfj3 

o  *  <j+  I6J.00  5Jjf,  +  i%  irio  j-f  £  a-  iow,  .  i?ooo 
^-7100  |^V  3.C00J-* 
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23. 


*7  %oo  ft  ^  4-375 ,kD  ~3&6oo  yf  = 

Consequently 

y  ^  !©£.  «*3  ,  li  -  3o?l  .  JlL 
5  s  ~  373  ^5  fs-  37  <oo  ^ 

_  IZ_  I  .  <L,%  ji  ,  -L 

2,1  135  Xf?  1*  1 75  f«' 

I7_  _  US?  *  J_ 
a  i  ~  a  i  s  ?  5  ’  ^ 

for  the  fourth  comparison  we  need  the  products 

«ffT-  ^[-Uoor>‘/5-] 


iifY', 


Jlvf.oji’e-'V. 


.  166  -  e~ 
72,9 


£±.[AJ.«or«*  V-3 
72,9  L  J 


ll.  66  A  &  \ 


Ths  oomparlson  gives 

%  tr-  »•«»>  ^+u.oooj-f' p,  +  Li.intf 

I + '*'-«<«>  r?  r* + if  •)(oof'f,'[" +s',-5rs'^+  3o?“  Wj 

j\-  17.  -  (l!3 .*00  t  *«•  *  10+.  r-040^  fa 

1 

v  7.  loo -v^ °°)fo  -  ii.  rr  4 
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24 


or 

•  f»  If?  +  41.  If  o  (}  *■  **'  510  fr  y,  r, 

4.  i?.  kK  +  *vioo  yj-  i5-8-?f  H6C 


u 


a  O 


Therefore 


V  *2-.-^  -  !*2.  „  JL.  „  1*  .  JL.  k, 

rl  i?f  (f  no  r?5  ft  uz  « 

-  1L  f  MS*  .  _L_  1.  ±_ 

s-fl-o  v  k  n*?f  ^  j  yl 

4-  ilk  .  *L  fit  _  Jd _ ,  _L  \  J__  +.141  ,  iT*  | 

«  '75'-1-1  l|!^s  J5»  f/ 

y  =.  .  Ik,  y„  4.  jo.? _ l  _  i.»s'*.i*7  i 

«"  \\%  <*  m  ft*  30.O7MS  5  “If 

Control. 


To  Btate  the  validity  of  the  oaloulation  of  the  coeffi¬ 
cients  of  the  function  2-  n  shall  prooeed  by  another  way. 


From  the  definition 


v„  =  roj  [.  iev't  ij.s  er/v  ift  e?/v  aj-,  ©Vft  et3- 
VN  -V[A  e* tyj'\  („ y*.  ? e  "V-J 
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25. 
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26. 


Ht  ■  ' 3  r<  &'v+ *♦] 6 


» (5  * 1 0  f*  +  '•  *' ‘°frh  -  '•*  ■ ^o^v) e V’ 


s+- 


The  space  charge  density  jo  _  -  £  o4  is 


then 


-lf  = 


CO 

«l 


+■  (*■  M's  +  +  '-710 


V. 


•/J 


+ 


and  the  component  of  the  current  density  r 


n 


ffVr 


r  co 

H 


-  i  o  o  & 


'/a 


+  ('°°[*-'UoW»-Uf)8 

4-  --- 


Vi 


-3-  * 


©  * 


.22-  p  V 

?  r  e> 


_  r  (o3 


A** 


f-*wr«r>+  9,10 

Ufc.lfrS  -  ?•  too  / 

-Mxroj-^+j.fs-o^  / 


,‘/3 


6 


f ... 
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27. 


The  second  expression  exhibits  the  meaning  of  the  cons¬ 
tant  Yj.  At  the  cathode  the  current  density  is  J  * 

J  -  -  1^.  *  £  5~°  Yk  r  ^ 

V  a h i  “ 

J  is  proportionnal  to  r,  and  to  the  cube  of  the  Larmor  angular  frequency 
snto  V* 


gives 


~  I'r = 


jf  ,Uo  fifr***/' 

}r'A 

l4  i«-9»Y^+'*ctoiVir*)eA 

+  -ih«oo  yr  ) 

U  lo.eto  j-,'+  t?i,s  &' 


k+ "" 
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And  the  comparison  of  the  coefficients 


0 


& 


■% 
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U-~  1L  >  i_ 

■  ,?5  r* 


=  0 


I  ,  -  -  t 


yfl  _  li  ,  6  f  I 

P  '  *■•  i?'77s'^ 
-  Li  -  U  8? 
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_i__ 


^  SI 


IT>  s 


1*5 


y,-*oojf?  If.. +  '»■»• ’Coj-«-)r,  jj  +  io-«o^1  , 

+  i  ^9-  >vi*o  ^5-^  V U.SSO S-.Zll  )  ' 


l- 


ii-  ft  4-  A2. 
m  »*  S75- 


-  M  .  JLL 

"0  I?S- 


1L  / 

’  1?- 
- — • 

X.H*  _  l  > 

|L_ 

^50  l 

11 

ii.8fs  j 
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’ 

8 1 

( ii  _  l.'f* 

*  l  \ 

i?y 

'•ii  ii.fls 

1 

330 

1*5 

T? 

0* 

^  J_ 


y  s.fLy  ,  lo$  I  L_lgu_j/? 
III  '  ft'  lio.o*g.\L' 


r< 


*IC 


Calculation  of  f(o)  and  of  its  deviations  for 
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h 

o.J/ 
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1  0,0 
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Ill,  1 
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4-  W 

h* 

jc„  6* 
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-  o(  4S7 
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32. 


Equation  of  the  trajectories. 

oU  Vr.  .  Ut-8) 
tu  ■  v- ' 


Evaluation  for  small  values  of  6 
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33. 


/  4  ,  fr 

;fl_  *«  N 

i  »\  >  1 

U34  .  t*6l  ] 

3 

1  it  j 

1  r<r 

+ I'm  .jtinsL  ,  i_  +.  _imo2£_  n  A 
[mo  m  )i  wsw 


k+-~ 


Expression  for  the  potential 
t-n  £  .  1*  rl  f- 


yj  (j  ~  r‘w  ^ 


*  £>vV  i 0* 


4-  ±-/-l_  . 
M  '?* 

+  ( 


fa 


£ 

1  0*3?  5- 
I  5*<4 


io 


£> 


Vi 


IK?'*?*  ^  *37* 


i_  -  .**  j 

y>  '«-*»  / 


W.R.  929 


34. 


V.  rl  f 
Vr.trf 

V  rf 


4f*=  4f1+4ff'tf1+ff 

,vr 

rite ,  1 1  ||'V  s  f  f  \  It  f ‘ft  4  f f 1 4  ff“ V  A  If  f V*  fff ’,  r 

jt -t‘MMTrtfFWfrj 

^('M=wfVi*ff,+icfT^r^ffr 

oUv-  1=0 

f  V  -i  J,  f+  pf  \  u  ff +uff+  fVx  flfiff* 


-  'I  o,it  D'D 1,1 
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35. 


f  =-l  f.  0Vl  ( s  +  i<  ie\  it  ^  e‘  + e‘+  as  f, e  +  ■••) 
f = i  f.  e 1 ^  o  +  u  1„  eV  |4  e  \  wo  ft  e‘+»f^  e  V- ) 

f-io  tki<o  ty  173 w^8f+...) 

ry 

|ffr  1.  |c0  i(+ko+m^d\loUJffa9  4.lo9.ifofy+3*fiSkoff6+...) 

The  differential  equation  is  written  according  to  the  powers  of  6  t 

Power  of  the  first  term 


«ff+5{ff+nrr  e*' 

0=‘ Hff+Aoff1  e1 

er 


For  the  first  comparison  of  the  coefficients  (terms in  8  )  wb  need 

the  products  of  the  first  line. 

|a|Cr=  ,1°.  Q  |o£>o  +.  ZS'.  hOO  ^  &\  ^lO.HOO  ^  +  101. 
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36. 


mr-  g/f 


&0OO  f  A6.  e©0^  a?+ (443.2/00^  r  91/3.2 fO £*]£>* 
-(U^ -ffDoft  +  7.3  m*of^+  l?0  36j,ofJ,'Je4 


+  --•• 


=  S> 


-I 


'  \©oo+  If.  hoo  ft/.hOo^  +  LHSZO-ji  J  &* 

^(t^CCJfO  ft{H+  nt6ao^+  6fU?2^a4+--- 


The  comparison  give  a  as  expected 


I  000  4-  t  oco  -  Looo  =  O 
+1 


n 

For  the  second  comparison  (terns  in  &  )  we  need  also  the  products 

%  b'  (  ?100 &% 

^£3  £ 

+  ^  4S4  % 8 'S  -f.  Z>t  9$  lo  |-y  J  9  + - 

sfl'f"  s-it.  &'  r.Hoo^+utno^V (3tff4o^+  wuolifil 

\ 

2-?.|ap  -_J0^  6  ^/,5.?oo^Vt5HOo|[(&/,t(l?U?flo^+.ii5Uio^)s 

The  determination  in  ^  gives 

H'kOO^t  (,(,00 ofl  +  ZfM00  fti-  7100  f  00  +  h  9-5-00  =  O 

ft=  =  -  o,hhmi 
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for  the  third  c caparison  (terns  in  6^  )  we  need  the  products  t 


44  |Xf"=  &  '  (  13  ItM  0.6*  +  3,09  $SZ 

IfO  j°-  ( f /.  000  ©  “V  /iiy.jibo  ft ©V  --  ) 

?19 

*“  of  fh  +rn  to- 

^ 5" }  0.^00^  +  1 0 1  6A0  ^  +  4  ^9 AOO  ^ 

0s^  4-9l9*8ofz  +  lUtoo  ^  +  *32.3*0  +  I 

4-  6  4  00  4-  ff  1  0  00 


I- O?|.oeo|^-  12.  C.  0  4.  3  34  2/00  1004*0  =  O 


|*=  +  0,0^045-41,3 
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38. 


The  determination  of  ^  gives 

^ £>  too  ^  +.  oo  +-  I  o(, 

+  1  hSlloofa  f  ?9  8S(>AO^k  ft+  170168 o  £ 
_|_  ItSUM  \\f  ooo  +  6X1*71^ 

0=J  ±  (6  8JtU2  +  /h38  3£o  +  US  6ZI.0J 

4-  (3^9  910 +■  5ZUAO+  l  fU?OoJ^ 

+  (loS'Sb-Z  +  ^00  )  fiz 

I  +  XliZZ 


The  last  ten  is  due  to  the  cube  32f^  of  the  differential  equation)  it 
may  be  written 


°J 


Mb?  000  ^  +.  ll  7-1^,  Cgo  ^^  +  3,  if  9  I 
+  33.9  9  4  £8  f^i-Z.73  II  60  ^  6  4  ?  3  fZ  +  23  3 -£  <T 


ft- 


0,0071  03iC>S 
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Control  : 


Vr-J'r!’  r|.  (1S  /!+  *fi6  +  1  f*  6  +  *•  h  (>/+  ) 

V  rl'.xL  (yevV  AV-) 

vf.  m^/t- 

v,\  irT  /if  A  (aift+iTof^e'1^  A 

U(***H+**°  f0^u/3+‘"  ' 

0AU)A  (>A+'A  +  74)8'' 


+  A  ft  fn  +  t? 0  ft  +3  {ff+  f+  )  6 


’+•-- 


*>?4  '  rL'f. 

;  fdr  9  I  0  L 


•pffi  i  f  r  i 

^rv  "  3  i 0  L  J 

t  (m>f1+  ii*)  A  (ki£+ /«*£+»<$ 

lA  +  3,4£!+m  f*)©’S/V - 

_,.  V.  i/.  ,  '.  (3 


_2_  =  ii  /So  e’\  (*$so|l+ iuojev+(iis^  p  +  i?ttofyb 

?l  ±?AZtyie\(?ZiUflfih±  k1o?ofb+?szi, 

is 0 it? ^  &I(,/A  --- 

-  XL  p  =  fso  &  \  (mo£+ 

4#  *  -h(li5  -J  +  l?CSO^+  9*tff2  -AH)  6)'#/^ 
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fas‘0  +  (l3loof1+J*S°)&\|.(io  S  <5 1  rofv 

***  +  ttijof  ti-  32,40)6  V  (LS0760  Ifoofi^ 

s+  fit  11^  6/0^+  H4o?fj  +  113+2  kft)^ 

llUlEfirts  ffaof  l  +  i  y  fD)©+  4io  Sbofl^.  )*ts -to{H  | 

S°  b  ^  +6^  S0)6V  (l**i**o£|*  +  VS?  wfl 

+  15*116^+  hO  gz  It  fx+k\5  It  Z  ■ 

3L  Vr  =  i^<?  fso  e+  fae6o|z  +  »^io)©\(  i6  4M  f*l+  ittioft 
*'  [+111*1^*1)0*  +  ... 

JJL  ±1  (r  L)=*f?f  1 00  +  (9-500  ^  +  3  if  ao)  0 V  (3 1 86  5>  £  +  3  sr  Uo  fH 

r  v  (J  /  ll  <  \  ^  c- 

+  lMU^t+  U9fe)  £  +•*• 


tAlAr  ^  -=r  O 

Comparison  of  the  coefficient  t 

la,  I  egoo  v  8  S'  5-0  f-  3  00  =  o 
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41. 


^xanple 


}fo=  1  V**1  P°  =  &t"» 

=  1,3  4  » fo*  A  \ifv» 


■ijuntion  of  the  trajectories 
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Let  us  seek  for  the  value  of  0  for  which  VQ  is  sero 

V'f'-o  f'-o  ?.&4°  fVo 
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The  differential  equation  fives  then 

The  only  real  root  of  this  equation  of  the  third  degree  for  is 

f  =  -  *  f 


beoones  infinite  whan  |Uo 
So  that  an  asymptote  exists.  Along  this  asymptote,  we  have 

2vf,Arf  yo  y 

C*  0 

Let  us  nnli  @Q  the  angle  of  the  asymptote  and  introduce  a  new 
variable  £  «  -  0  Since  @  j?  =  0  ^^-0 

Ve  write 

f  --  S‘+-' 

f  =  c!j(  ^r+ . 

f'sJ'9i+lt9Si-3o^*+-- 

Ilf  +  IZOq CS  +-•• 

f  =  a4^  +  3co^5V-- 
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iff''L  =  ^Vl'+C37^  *r4 

+("”H* +  3“>1>1‘  +  )£*+•■• 

?•  3«.J*  (3,f4  + 

nf^  =  ^  s  + 1  ?6° 

nff  -  ♦<^^+fm?.lJll+9tj.9;)Sl+ 

+  (4fj»  +  9tJ.  + 

^0ffV-  lfc0^3v  JV  (4«0jo^,^+  /<o^J  )  ^ 

=  3Z  j3  +  9£<ji  +  ^i) 
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Result  r 

b  --  0,1? 

So  that  the  angle  of  the  asymptote  is  Q0  =  &,  +  -  I  4-  0, 1  ?  a  1,1? 

Oo  ^  6 

In  the  region  free  of  epaoe  charge  we  have  the  Laplaoe's  equation 


t  2A  .  o 

^r"1  r  ^  r  r'  'dr' 


Along  the  asymptote  t 


f’SfV  f  = 


Let  us  assume  for  Q>  a  law  : 


The  Laplace’s  equation  gives  then 


f,  Ar' 


4  U  kW=  o 


And,  with  the  initial  conditions 


£  =  Ar’wS  J  S  =  ?4i-  r '  tcrf  27 

1  7 

This  field  may  he  realized  hy  two  electrodes  one  of  them  being  planar 

9*  C  -  e0+4S0*  n2° 

and  the  other  an  hyperbolio  cylinder 

rl  f  Urii(b  _  iOw’  S'  )  -  C 
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INTERPRETATION  OF  THE  RESULTS* 

Let  ua  oonsider  at  first  the  case  where  B  =  0,  the  figure  18 
shows  how  a  convergent  flat  bean  could  be  built;  the  approximate  shape 
of  the  olectrodes  is  shown  in  the  figure  24  (b).  The  current  density 
of  the  left  hand  side  gun  is  highly  non  uniform  since  it  is  zero  at  the 
angle  and  a  more  uniform  density  should  be  obtained  with  the  right  hand 
side  gun. 


The  figures  19  and  20  give  the  trajectories  obtained  for 
various  magnetic  field  the  factor  F0  being  related  to  the  magnetic  field 
by 

tr'2.  111  1  ~ 

~  243  ^  rco* 

a)  being  the  Larmor's  angular  frequency  t\B/2. 

To  give  a  physical  meaning  to  these  solutions  we  must  consider  the 
cathode  as  a  double  sheet  plane;  the  initial  velocity  is  zero  but  the 
velocity  for  ©  =  360°  is  never  zero.  ( Pig. 24  (a)). 

A  very  unexpected  result  is  the  singular  points  which 
appear  for  FQ  =  1.025  -  0.884  -  0.746  and  probably  others  for  higher 
magnetic  fields  which  have  not  boen  computed.  For  these  values  a  zero 

o 

velocity  -  zero  potential  point  occurs  at  angles  of  respectively  132  - 
300°  -  218°.  It  may  be  considered  that  these  values  are  interpolated; 
the  accuracy  is  about  ♦  0°5. 
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The  radius  ia  unity  at  this  point  and  a  syne try  exists  between 
this  virtual  oathode  and  the  original  cathode.  This  is  shown  with  more 
details  in  the  figure  21*  The  particular  oase  Fq  =  1*026  is  more  care¬ 
fully  studied  with  an  equipotential;  the  equipotential  corresponds 
to  s  x  (all  the  equipotentials  in  the  bean  are  homothetical)* 

(fl2 

This  oase  is  of  interest  for  the  study  of  the  noise  beoause 
it  is  a  well  defined  system  in  which  space  charge  oscillations  could 
occur;  the  symetry  may  aiaplify  the  solution  of  the  equation  of  pertur¬ 
bation* 


A  practical  such  gun  could  be  built  with  suitable  electrodes) 
they  have  not  been  yet  computed  and  the  sketch  of  the  figure  24  (o)  is 
only  an  approximation* 


If  the  beam  reach  just  the  anode  (critical  magnetic  field)* 

We  have 

OO2 


i L  z  o,  m  *1,026-1 


The  total  currant  is  I  = 


J/r 

2 


so  that 


V  k/c  .  „ 

f  i Wrt 


instead  of  1  for  a  olassioal  brillouin  base. 
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A  double  mode  operatlon( figure  24(d))  could  be  considered 

also* 

For  magnetic  fields  a  little  smaller  than  the  magnetic 
field  corresponding  to  the  critical  points,  highly  convergent  beams 
can  be  obtained  since  the  asymptote  of  the  trajectory  goes  near  the 
pole* 

This  is  the  case  around  0*715;  suitable  electrodes  have 
to  bo  computed;  such  a  gun  is  shown  In  the  figure  24(c)* 
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